I n-season assessments of nutrient suffi ciency for corn plants following the depletion of seed nutrient reserves has typically involved either whole-plant sampling at early vegetative stages (e.g., V6; Abendroth et al., 2011) or sampling of ear leaves at fl owering (R1). Early vegetative stage sampling generally permits time for supplemental nutrient applications if tissue tests show a deficiency. Sampling of ear leaves (which are generally among the two largest leaves on corn plants) at fl owering (when half or more of the whole-plant biomass has been achieved) off ers a perspective on the crop's nutrient condition just before grain fi lling begins. Th e timing of the R1 ear-leaf sampling is normally too late for corrective nutrient actions to be undertaken for that crop season, although there are occasional documented crop responses to nutrient applications as late as R1 (Scharf et al., 2002; Miller, 2012) . However, mid-season ear-leaf sampling can still inform crop nutrient status and balance for an improved nutrient management strategy for future crops. Nutrient concentrations and contents can be measured again at maturity, and these values are helpful for measuring factors like individual nutrient uptake (Ciampitti et al., 2013) and nutrient recovery effi ciencies as well as nutrient balance (Ciampitti and Vyn, 2014a) . However, whole-plant and plant component assessment at the end of the season involves much more expense and problems with spatial variability than does the simple pulling of ear leaves at fl owering.
Although farmers and crop consultants routinely determine soil nutrient concentrations, and many also take early vegetative plant samples, very few crop consultants routinely sample corn ear leaves unless farmers are participating in high yield contests. Perhaps R1 stage ear-leaf sampling would become more tenable if there were more meaningful information to be gathered from knowing the individual nutrient concentrations and nutrient balances just as pollination occurs. A better understanding of the relationships of ear-leaf nutrient concentrations at or above the published critical levels on reproductive-stage biomass gain and fi nal grain yields may also motivate such sampling.
Growing conditions bracketing the silking period is one of the most critical yield-infl uencing factors (Tollenaar and Lee, 2011) . Recent studies have confi rmed that crop parameters at silking are more infl uential than similar parameters measured at other times in the growing season to individual corn plant yields and to grain yields per unit area (Ciampitti et al., 2012) .
Plant phenotyping involving ear-leaf sampling for nutrient concentration determination has been employed routinely for decades.
Relationships between Ear-Leaf Nutrient Concentrations at Silking and Corn Biomass and Grain Yields at Maturity aBStract
Historically, corn (Zea mays L.) ear-leaf N concentrations at mid-silking have been positively correlated with grain yield (GY). Many state and regional fertilizer recommendations provide "nutrient suffi ciency ranges" or threshold nutrient concentrations for N and other nutrients in ear leaves sampled at silk emergence, but these are based on studies conducted decades ago with much lower yielding hybrids grown at lower plant densities. In response to this potential knowledge gap, we collected corn ear-leaf samples at mid-silking in fi eld studies conducted near West Lafayette, IN, from 2010 to 2016. Th ese fi eld studies involved comparisons of multiple hybrids, plant densities or tillage systems for their response to nutrient management alternatives (e.g., macronutrient rates, placement, and timing). Th e ear-leaf samples were analyzed for nutrient concentrations (N, P, K, Ca, Mg, S, Zn, Mn, Fe, Cu, B, and Al), and each plot's nutrient concentration data were subjected to regression analysis to evaluate their relationship with plot level dry matter (DM) accumulation and GY responses. Variation in ear-leaf N, P, S, and Cu concentrations explained >50%, while Fe explained >40%, of the variation in both GY and DM. Th ese nutrients (N, P, S, Cu, and Fe) were also positively correlated with each other (Pearson r ranged from 0.46-0.89). However, ratios of ear-leaf nutrient concentrations at silking consistently explained less of the GY variation than single nutrient concentrations. Th e overall relationships of ear-leaf nutrient concentrations with GY suggests revisions in state recommendations for ear-leaf "nutrient suffi ciency" may be warranted for some nutrients.
Ear-leaf N concentration measurements have historically been used to evaluate the effects of N fertilization (O'Leary and Rehm, 1990; Schepers et al., 1992; Isfan et al., 1995) . Concentrations of nutrients other than N have also been determined in ear leaves to indicate plant response to fertilization rate or placement effects of other nutrients or crop management changes (Woodruf et al., 1987; O'Leary and Rehm, 1990; Vyn and Janovicek, 2001; Mallarino and Higashi, 2009; Clover and Mallarino, 2013; Stammer, 2015; Steinke et al., 2015) . Unfortunately, however, these publications were usually limited to one or two nutrients of most interest for those specific studies, and only occasionally did they directly report relationships with GY. The most recent publications evaluating more than two ear-leaf nutrient concentrations in corn dates back to the 1970s (Peck et al., 1969; Walker and Peck, 1972; Sumner, 1977) .
In the few studies reporting correlations of GY with ear-leaf nutrient concentrations, the specific nature and direction of the relationships has varied widely. Relationships of ear-leaf N concentration with GY, although consistently positive, have varied from linear (Isfan et al., 1995; Rorie et al., 2011) to linear-plateau (Schmidt et al., 2002) and quadratic (Wood et al., 1992; Kovács, 2013) . Peck et al. (1969) found strong relationships (R 2 = 0.81) between ear-leaf nutrient concentrations and GY when they used concentrations of 10 elements in their stepwise regression procedure. Walker and Peck (1972) used multiple linear regression for ear-leaf nutrient concentration to describe GY variation in their N, P, and K fertilizer rate treatments, and they observed that the most yield-influencing nutrient concentrations were P, Mg, Mn, and Cu.
Corn production levels have increased substantially over the decades of hybrid corn production due to breeding and agronomic management advances (Lee and Tollenaar, 2007 ). Today's corn production uses more stress-tolerant genotypes, genotypes with typically longer stay-green leaves, higher plant densities, more conservation tillage systems, and earlier planting dates than those used in the earlier studies of critical nutrient levels in ear leaves at flowering. The current regional guidelines (Vitosh et al., 1995) for ear-leaf nutrient sufficiency levels for Indiana, Ohio, and Michigan was published over two decades ago. In addition, most of the available literature documenting the relationship of tissue nutrient concentrations to grain yield was published long before this regional guideline was published. Changes in nutrient uptake, nutrient uptake dynamics and nutrient concentrations in newer hybrids is well documented Vyn, 2013a, 2014b; Haegele et al., 2013; Mueller and Vyn, 2016a) . However, we have limited information on how ear-leaf nutrient concentrations can predict optimum GY attainment using modern hybrids with today's production practices. The objectives of this manuscript were to (i) revisit the relationships between ear-leaf nutrient concentrations and GY as well as whole season DM production, using modern corn hybrids and production technologies, and (ii) assess how these relationships compare to the current regional guideline.
MaterialS and MethodS
This research involved four multi-year field studies conducted between 2010 and 2016 near West Lafayette, IN. Studies were located on Drummer (fine-silty, mixed, superactive, mesic Typic Endoaquoll), Chalmer (fine-silty, mixed, superactive, mesic Typic Endoaquoll) soil series, and Raub-Brenton (Raub: fine-silty, mixed, superactive, mesic Aquic Argiudoll, Brenton: fine-silty, mixed, superactive, mesic Aquic Argiudoll) and Toronto-Millbrook (Toronto: fine-silty, mixed, superactive, mesic Udollic Epiaqualf, Millbrook: fine-silty, mixed, superactive, mesic Udollic Endoaqualf) soil complexes. These experiments included various N, P, and K application timing and rates, plant densities, and multiple tillage systems. The treatment factors (and their levels) of the studies utilized in this analysis are summarized in Table 1 . Within each study, samples were collected with three or six replications. Individual plots were 6 or 12 rows wide with 0.76 m row spacing, and plot lengths ranged from 18 to 76 m but consistent within a study. Ear leaves were collected from 10 consecutive plants at midsilking from one of the center rows; samples were dried at 60°C, ground with Wiley mill (Th omas Scientifi c, Swedesboro, NJ) to pass through 1 mm mesh screen, and sent for nutrient analysis to a nearby commercial laboratory (A&L Great Lakes, Fort Wayne, IN). Samples were analyzed for N concentrations via the Dumas combustion method and for P, K, Ca, Mg, S, Zn, Mn, Fe, Cu, B, and Al nutrient concentrations via the inductively coupled argon plasma spectrometry method (AOAC International, 2000) . Nutrient concentration ratios for all nutrient concentration combinations were calculated for each laboratory sample as the simple ratio between the respective ear-leaf nutrient concentrations.
Shortly aft er physiological maturity, but prior to grain harvest, whole-plant biomass samples were taken from one of the center rows of each plot using 10 consecutive plants, except in 2010 when six plants were harvested. Samples were partitioned into stover, Fig. 1 . Applied N rate effects on corn ear-leaf N concentrations at silking in studies where more than one N rate was utilized. The 95% confidence band is between the blue lines. (Vitosh et al., 1995) for Indiana, Ohio, and Michigan is depicted by a dashed line, and the upper level of sufficiency ranges is depicted by a dotted line. The linear, quadratic, or quadratic-plateau regression lines and the respective R 2 value also shown in each panel if they are statistically significant (p < 0.05). The 95% confidence band is between the blue lines.
cob and grain fractions, dried at 60°C until they reached constant weight, then whole-plant DM production was derived from the respective dry weights of fractions similar to methodology described in Kovács et al. (2015) .
Aft er physiological maturity the center two or six rows of each plot were machine harvested using a Kincaid 8XP plot combine (Kincaid Equipment Manufacturing, Haven, KS) or a JD 9400 combine (John Deere, Moline, IL). Grain weight and grain moisture concentration were determined and yields were adjusted to 155 g kg -1 moisture content.
Simple correlations were determined between DM, GY, ear-leaf nutrient concentrations and nutrient concentration ratio parameters using Proc Corr procedure in SAS 9.4 statistical soft ware (SAS Institute, Cary, NC).
Dry matter accumulation and ear-leaf nutrient concentrations at silking, as well as GY and ear-leaf nutrient concentrations at silking, were subject to regression analysis using the Proc Reg procedure in SAS 9.4. Th e linear, quadratic, and quadratic-plateau regression functions were examined for ear-leaf nutrient concentrations as the predicting variable. Th e Proc Nlin procedure was used for the latter regression function.
Regression analysis, similar to that described for ear-leaf nutrient concentration, was also executed for nutrient concentration ratios and GY. However, the ratio-specifi c regression analysis was limited to N/P and GY, N/K and GY, and to those nutrient concentration ratios with the 10 highest absolute Pearson r values between ear-leaf nutrient concentration and GY (based on the correlation analysis described above). Figures were prepared and plotted in SigmaPlot 13.0 (Systat Soft ware, Inc., San Jose, CA). (Vitosh et al., 1995) for Indiana, Ohio, and Michigan is depicted by a dashed line, and the upper level of sufficiency ranges is depicted by a dotted line. The linear, quadratic or quadratic-plateau regression lines and the respective R 2 value also shown in each panel if they are statistically significant (p < 0.05). The 95% confidence band is between the blue lines.
(e.g., tillage, fertilizer rate, placement, application timing). Plant populations ranged between 79,000 and 82,000 plants ha -1 in most of the experiments, but approximately 18% of the observations were in treatments with > 90,000 plants ha -1 plant density. Soil pH ranged from 5.5 to 7.0, organic matter content ranged from 27.8 to 56.7 g kg -1 , while soil P, K, Mg, and Ca concentrations averaged 27.0 mg kg -1 ± 1.71 (SE), 120.75 mg kg -1 ± 7.08 (SE), 647.99 mg kg -1 ± 24.40 (SE), and 2434.66 mg kg -1 ± 144.01 (SE), respectively, across the site-years with Mechlich-III extraction method then regressed to Bray-1 for P, and to 1 M ammonium acetate for K, Mg, and Ca by the commercial laboratory. The most consistent treatment variables among these experiments were the various N rate treatments. Within studies involving multiple N rates, ear-leaf N concentrations, as expected, increased as more N was applied (Fig. 1) in a manner similar to that in earlier publication (Schepers et al., 1992) .
Regression analysis indicated statistically significant relationships of final whole-plant DM to all ear-leaf nutrient concentrations at silking except for Al (Fig. 2) . However, stronger relationships (i.e., those with R 2 values >0.5 or near 0.5) between ear-leaf nutrient concentrations and DM were found with 4 of the 12 elements investigated; in decreasing order they were: N, Cu, S, and P (Fig. 2) .
Similar to the results for DM, regression analysis indicated statistically significant relationships of GY with all ear-leaf nutrient concentrations at silking (Fig. 3) . Four nutrient concentrations explained >50% of the variation in GY; these nutrients were N, P, S, and Cu in declining order (Fig. 3) . Among these influential nutrients, linear regression was the better fitting function between N or S and the GY, while the quadratic regression was the better fitting function between P or Cu and GY (Fig. 3, Table 2 ). In general, earleaf concentrations of individual nutrients explained more of the variation in GY than in DM, except Mg, Zn, and Cu (Fig. 2 and 3) . Nearly 0.49 Mg ha -1 in GY gain was observed for each 1 mg kg -1 (0.1%) ear-leaf N concentration increase (Table 2, Fig. 3 ).
There were also strong trends among individual nutrients within individual ear-leaf samples. Very strong correlations were detected between ear-leaf N and S concentrations, between ear-leaf Ca and Mg concentrations, between ear-leaf N and Cu concentrations, and between ear-leaf P and S concentrations (|Pearson r| > 0.70; Table 3 ); four of these nutrients also strongly correlated with GY. There were also moderately strong correlations between ear-leaf N and P concentrations, between ear-leaf Fe and Al concentrations, between ear-leaf S and Cu concentrations, between ear-leaf Zn and Cu concentrations, and between ear-leaf P and Cu concentrations (|Pearson r| > 0.60; Table 3 ).
Among nutrient concentration ratios between the most yieldinfluencing nutrients (N, P, S, Cu) only the N/S ratio explained a notable proportion of GY variation (R 2 = 0.23, Fig. 4) . However, some other ear-leaf nutrient concentration ratios explained larger proportions of GY variation. These are in descending order: N/Ca, N/K, N/Zn, Zn/Cu, Ca/Cu, K/S, Ca/S, K/Cu (Fig. 3) ; their R 2 values for the respective regression models ranged between a high of 0.42 and a low of 0.24. diScuSSion Ear-leaf N was the strongest predictor for DM or GY, which is likely because N fertilizer rate varied the most within and across the studies involved in the analysis. Strong, and positive correlations Table 2 . Regression equations of significant models of dry matter accumulation and grain yield of corn as function of ear-leaf nutrient concentrations. The linear and quadratic functions of the ear-leaf nutrient concentrations are presented in x and x 2 columns, respectively. Joint point values of ear-leaf nutrient concentrations are presented in the x 0 column for quadratic-plateau function. Table 3 . Pearson correlation coeffi cients (r) among corn ear-leaf nutrient concentrations sampled at mid-silking, whole-plant biomass production, and grain yield. Number of observations (n), means and standard deviation (SD) values for grain yield (GY) and dry matter accumulation (DM) in Mg ha -1 , N, P, K, Ca, Mg, and S concentrations in g kg -1 and Zn, Mn, Fe, Cu, B, and Al concentration in mg kg -1 are also included. between ear-leaf N concentration at silking and GY has been confirmed several times (Peck et al., 1969; Walker and Peck, 1972; Wood et al., 1992; Isfan et al., 1995; Schmidt et al., 2002; Kovács, 2013) . Subedi and Ma (2005) also documented a significant role and contribution of ear-leaf N to DM and GY production in conventional corn hybrids. These positive relationships with higher ear-leaf N concentration have been attributed to higher photosynthetic rates, and projected higher DM accumulation (Sinclair and Horie, 1989; Dwyer et al., 1995; Peng et al., 2016) . Higher specific leaf N is also a key factor in determining final GY (DeBruin et al., 2013) . The stronger relationship between ear-leaf nutrient concentrations and GY relative to the DM is likely due to the closer proximity of the ear leaf and the developing ear compared to the whole plant DM. Plants with higher N (and other nutrient) concentration in the ear leaf will strengthen the source side of the source-sink relationship, and would be expected to supply nutrients and photosynthates longer to the developing/maturing ear and kernels (Tollenaar and Daynard, 1982; Tollenaar and Lee, 2011) . Higher N status in corn improves ear-leaf photosynthesis and carbohydrate supply to the developing kernels both at silking and during kernel development (Peng et al., 2014) .
Nutrient
Our research found that ear-leaf N was far from the only nutrient strongly correlating with GY. Ear-leaf P, S, and Cu concentrations were among the strongest in-season indicators for GY. A strong correlation between ear-leaf P concentration and GY was also evident in Iowa P fertilizer rate trials (Stammer; 2015) . However, the earleaf P correlation with GY in the latter study was best described with either a linear-plateau and quadratic-plateau function where GY plateaued at 2.48 and 3.14 g kg -1 ear-leaf P concentration, respectively. Steinke et al. (2015) found a very weak correlation between ear-leaf S concentration and maize GY in 2012 (R 2 = 0.16) but similar (R 2 = 0.47) correlations to our observations in 2013 in their N and S fertilizer study in Michigan. In both years, a quadratic regression function best described the correlation (Steinke et al., 2015) while our study found that a linear regression was the best fit. It is somewhat surprising that Cu had a strong correlation with GY and DM, but the essential role of Cu (and the other three nutrients) in the photosynthesis process may explain this strong correlation. Our observations on the importance of other ear-leaf nutrients, even when those nutrients are not treatment factors, agrees with prior publications in which other ear-leaf nutrient concentrations were influential beyond just the nutrients added in the fertilizer treatments (Peck et al., 1969; Walker and Peck, 1972; Sumner, 1977) . Dwyer et al. (1995) also observed that ear-leaf N concentration is not the only nutrient factor influencing photosynthetic rates during grain fill.
Actual nutrient concentrations were representative of the entire (e.g., Ca and Fe) or the majority (e.g., Mg, Mn, and Cu) of the sufficiency ranges reported for ear-leaf nutrient concentrations in the Tri-State Fertilizer recommendations (Table 4 , Fig. 3 ) and coincided with a wide GY range. Based on these findings, the current minimum concentrations of the sufficiency ranges may need to move higher. Not all nutrient concentrations were positively correlated with GY. In the case of B, the highest GY was actually achieved at ear-leaf B concentration levels lower than the suggested sufficiency level in the Tri-State Fertilizer recommendations (Fig. 3K) .
Earlier research on modern hybrids documented that plant density has little to no effect on nutrient partitioning ratios at silking time, and nutrient uptake changes were driven mainly by changes in biomass accumulation (Ciampitti and Vyn, 2013b; Ciampitti et al., 2013) . The actual influence of plant density on the ear-leaf nutrient concentrations and their relationships to GY could not be tested here as this manuscript includes a relatively narrow range of plant densities.
Regression functions describing the relationship between ear-leaf nutrient concentrations and DM or GY were the same for most of the nutrients except for N, S, Mg, and B (Fig. 2 and 3) . It is interesting that while DM accumulation seems to reach a plateau as ear-leaf N and S concentrations increase, the GY still increases ( Fig. 2A,  2F , 3A, 3F). Cox and Cherney (2001) also reported maximizing DM production but increasing harvest index with increased N rate. Shapiro and Wortmann (2006) also documented no DM increase with the last N rate increment they applied, but different maize GY response patterns (from linear to quadratic increase) to increased N rates in different growing seasons. In our study, these regression differences were related to ear-leaf N concentration, which increased with increasing N rates in this data set (Fig. 1) . We have no explanation why DM and GY responses were different for ear-leaf N, S, Mg, and B concentrations, and not for other nutrients.
The close relationship between N, P, and S uptake is well documented (Wilkinson et al., 2000) . Ciampitti et al. (2013) observed that similar proportions of season-long N and S uptake by corn plants were evident by silking, suggesting that high GY can be achieved with an optimal N/S concentration ratio in mid-season growth. When the GY and ear-leaf nutrient balance ratios were evaluated for the four indicator ear-leaf nutrients (N, P, S, and Cu), most of these nutrient ratio combinations explained near zero or a very minor proportion (R 2 < 0.088) of GY variation, except the N/S ratio (R 2 = 0.24, Fig. 4) . However, other ear-leaf nutrient concentration ratios showed a more important role in GY, like N/Ca, N/K, or N/Zn ratios (Fig. 4) . When examining the nutrient ratio ranges that accompanied high GY (e.g., GY > 14 Mg ha -1 ), one can observe a wide range of nutrient ratios for each nutrient combination. However, the ear-leaf nutrient concentration ratio with the strongest correlation to GY (N/Ca) explained less of the GY variation than the top five individual ear-leaf nutrient concentrations alone (N, P, S, Cu, and Fe; Fig. 3 and 4) .
Crop nutrient uptake ratios have more commonly been investigated at physiological maturity; earlier reports documented the potentially narrow range of whole plant nutrient uptake ratios in high yielding grain crops at maturity (Sadras, 2006; Ciampitti et al., 2013; Ciampitti and Vyn, 2014b) . For example, Ciampitti and Vyn (2014b) reported that optimum 5:1 mean N/P uptake ratio was evident for high yielding grain corn at physiological maturity, and Sadras (2006) reported 5:1 for corn and 6:1 for cereals. For our own ear-leaf nutrient dataset, the mean N/P concentration Table 4 . Nutrient sufficient ranges when ear leaves are sampled at initial silking from the Tri-State fertilizer recommendations for corn, soybean, wheat, and alfalfa (Vitosh et al., 1995 ratio was 8:1, and regression analysis indicated highest corn yield with a 9:1 N/P concentration ratio at silking (Fig. 4A) . However, >14 Mg ha -1 yields were achieved with the N/P nutrient concentration ratios ranging from approximately 6:1 to 11:1 (Fig. 4A ). For N/K nutrient uptake ratios, Ciampitti and Vyn (2014b) reported an optimum ratio close to 1:1 by maturity compared to the mean ear-leaf nutrient concentration ratios of 1.3:1 in this study (Fig. 4B ). Our N/K concentration ratios at silking ranged from 1:1 to nearly 2.4:1 for high yielding (>14 Mg ha -1 ) plots (Fig. 4B) . Our optimum ratios in high yield corn of 9:1 (N/P) and near 1.7:1 (N/K) are similar to the ratios of 10:1 (N/P) and 1.5:1 (N/K) derived by Sumner (1977) with much older corn hybrids. Results presented here may indicate that in-season nutrient (concentration) ratios and/or ear-leaf nutrient balances are wider, and potentially more flexible, compared to the whole plant level nutrient balance at physiological maturity to achieve high GY. In addition, our data suggests that GY was less affected by the wider range of ear-leaf nutrient concentration ratios at silking than by a single nutrient concentration.
A precise sampling time is essential to obtain the most relevant results with ear-leaf nutrient analyses. The temporal proximity to the actual silk emergence substantially impacts interpretation of the results. Mueller and Vyn (2016b) observed declines of 0.3 to 0.5% in leaf N concentrations during the critical period bracketing (2 wk prior and following) silk emergence. Also, a larger decline and variation in leaf N concentration over time is expected under low N status (Mueller and Vyn, 2016b) . Similar observations were made for ear-leaf N concentrations as well (Mueller, personal communication, 2016) . The temporal changes in ear-leaf nutrient concentrations around silking, and the timing of ear-leaf sampling relative to initial silk emergence at R1, may explain some of the wide nutrient concentration ratios observed at R1 stage where high GY would still occur.
Our study builds on prior research that identified the silking period as one of the earliest times to predict corn GY (Ciampitti et al., 2012; Mourtzinis et al., 2013; . Although not perfect, ear-leaf analysis at silking can be used as a mid-season tool to check plant nutrient status, assess the adequacy of the soil fertility program being utilized in the production system, and utilize this additional information for planning grain logistics or potentially using a decision tool for late ("rescue") nutrient applications.
Future research is still suggested to evaluate relationships between ear-leaf nutrient concentrations and GY for a wider range of genotypes, and on different soil types. Since this manuscript relied heavily on data from a narrow range of plant density (79,000-82,000 plants ha -1 ), and from a single geographic location and mollisol and alfisol soil situations, evaluation of ear-leaf nutrient concentration relationships to GY need to be investigated in other soils, environments and production systems. For example, these relationships should also be tested for corn grown at lower and higher plant densities and in a wider array of fertilization (macro and/or micro nutrient treatments) programs. Because our results suggest that ideal nutrient compositions in the ear leaves of modern hybrids can be much different than the current Tri-State sufficiency ranges for ear-leaf nutrient concentration at silking, similar investigations are also encouraged outside of the Tri-State area.
concluSionS This study has shown that ear-leaf N, P, S, and Cu concentrations from leaf samples collected at silking explained >50% of variation in final corn GY and DM in diverse crop management treatments and growing conditions. The study has also shown that nutrient concentration ratios (balances) were less consequential for relative GY performance than individual nutrient concentrations for N, P, S, and Cu alone. Ideally, updating the currently published sufficiency ranges for ear-leaf samples taken at first silk emergence may be most warranted for P and S as well as for certain micronutrients.
Future research is still suggested to evaluate these relationships between ear-leaf nutrient concentrations and corn GY for a wider range of genotypes and crop management treatments on different soil types.
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